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Publication Title: 

Fluidized bed combustion system utilizing improved connection between the 
reactor and separator 



Abstract: 

A fluidized bed combustion system in which a duct connects a reactor and a 
separator and extends within the furnace section of the reactor. The duct is 
wedge shaped, having an inlet width greater than its outlet width, and the bottom 
wall of the duct angles upwardly from the outer side wall of the duct. A portion of 
the duct extending within the furnace section is formed by cooling tubes which 
also form a portion of a side wall of the reactor, and a portion of the duct 
extending outside the furnace section is formed by cooling tubes which also form 
a portion of an outer wall of the separator. The portion of the duct extending 
within the furnace section is secured to 
25e 

the portion of the duct extending outside the furnace section to connect the 
reactor and separator without the use of expansion joints or seals. 



Data supplied from the esp@cenet database - http://ep.espacenet.com 



This Patent PDF Generated by Patent Fetcher(TM). a sen/ice of Patent Logistics, LLC 



Patent provided by Sughrue Mion, PLLC - httpV/www.sughrue.com 



J 



(191 



EuropaiscfiMpitenteMiit 
European nRnt Office 
Office europ6en des brevets 





@ Publication number: 0 559 388 A2 



EUROPEAN PATENT APPLICATION 



2i) Application number : 93301455.7 
g) Date of filing: 26.02.93 



(g) Int. CI*: F23J 3/04, F23C 11/02. 

B04C 9/00, F22B 31/00 



@ Priority : 02.03.92 US 844073 

@ Date of publication of application : 
08.09.93 Bulletin 93/36 



@ Designated Contracting States : 
ES GB IT PT 



(g) Applicant: FOSTER WHEELER ENERGY 
CORPORATION 
Perryville Corporate Park 
Clinton New Jersey 08809-4000 (US) 



(fg) Inventor : Dietz, David Harold 
RD1, Box 274A 
Hampton, New Jersey (US) 

@ Representative : Rackham, Anthony Charies et 
al 

Uoyd Wise, Tregear & Co. Norman House 

105-109 Strand 

London WC2R OAE (GB) 



@ Fluidized bed combustion system utilizing improved connection between the reactor and separator. 

(g) A fluidized bed combustion system in which a 
duct connects a reactor and a separator and 
extends within the furnace section of the reac- 
tor. The duct is wedge shaped, having an inlet 
width greater than its outlet width, and the 
bottom wall of the duct angles upwardly firom 
the outer side wall of the ducL A portfon of the 
duct extending within the flimace sectwn is 
formed by cooling tubes which also form a 
portion of a side wall of the reactor, and a 
portton of the duct extending outside the fur- 
nace section is fonned by cooling tubes which 
also fonn a portion of an outer wall of the 
separator. The portbn of the duct extending 
within the fiimace section is secured to the 

portion oflhe duct extending outside the fur- ^ 
nace sectton to connect the reactor and 
separator without the use of expanston joints or 
seals. 
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This invention relates to a f luidized bed combus- 
tion system and, more particularly, to sucli a system 
including a reactor connected to a separator in which 
a duct connecting the reactor and separator extends 
within the furnace section in the reactor. 

Fluidized bed combustion systems in which reac- 
tors are used in connection with separators are well 
known. In these arrangements, a bed of particulate 
fuel, usually in the form of coal, wood or dehydrated 
sewage sludge, is provided in a furnace section of the 
reactor. Air is passed through the bed of particulate 
fuel to fluidize the bed in the furnace section, and 
thereby, effectuate high combustion efficiency at a 
relatively low temperature. This process, however, re- 
sults in flue gases which entrain alarge amount offine 
particulates. The flue gases are therefore passed into 
a separator which separates the particulates from the 
flue gases and recycles the separated particulates 
back to the bed in the furnace section. 

Fluidized bed combustion systems generally 
work well and have several advantages, such as per- 
mitting efficient fuel combustion and use while main- 
taining low emisston levels for pollutants such as NOx 
and SOx- However, these systems are not without 
problems. For example, separator efficiency and 
thermal stresses in the system require the use of 
complex and costly means for connecting the reactor 
with the separator. Including the use of costly expan- 
sk>n joints and seals. 

Additionally in conventional fluidized bed com- 
bustion systems, the passage between the reactor 
and the separator is usually defined by a relatively ex- 
pensive, high temperature, refractory-lined duct due 
to the extreme temperature of the flue gases. This 
duct is either made relatively thin due to the expense 
and weight of the refractory material which results in 
excessive heat losses to the environment, thereby re- 
ducing the system's efficiency, or it Is made relatively 
thick which adds to the bulk, weight and cost of the 
separator. Even when the duct is thick, all the heat 
losses cannot be prevented since perfect insulation 
would raise the ducfs temperature to an unaccept- 
able degree. 

Afurther problem associated with the use of a re- 
fractory-lined duct is the lengthy time required to 
warm the walls t)efore putting the system on line to 
eliminate premature cracking of the refractory mate- 
rial. This lengthy delay is inconvenient and adds to 
the cost of the process. 

It is therefore an object of the present inventron 
to provide a fluidized bed combustton system of the 
above type in which the duct Increases the eff k:iency 
of the separator and reduces the thermal stresses in 
the system so that the separator can be connected di- 
rectly to the reactor without the need for costly expan- 
sk)n joints or seals. 

It is a still further object of the present bivention 
to provide a fluidized bed combustton system of the 
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above type in which a duct is utilized to connect the 
reactor to the separator in a manner so that heat loss- 
es are reduced to increase the efficiency of the sys- 
tem. 

5 It is a further object of the present invention to 

provide a fluidized bed combustion system of the 
above type in which expensive, high temperature, re- 
fractory-lined duct work is minimized. 

It is a still further object of the present invention 
10 to provkle a fluidized bed combustion system of the 
above type in which the steam generating system can 
be put into use relatively quickly without any signif i- 
cant warm up period. 

Toward the fulfillment of these and other objects, 
15 the system of the present invention comprises a flui- 
dized bed combustion system in which a duct is dis- 
posed between a reactor and a separator and extends 
within the furnace section of the reactor. The duct is 
wedge-shaped, having an inlet width greater than its 
20 outlet width, and a bottom wall which angles upwardly 
from the outer side wall of the duct A first portion of 
the duct extending within the furnace section is 
formed by cooling tubes which also form the reactor 
walls, and a second portion of the duct extending out- 
25 side the furnace section is formed by cooling tubes 
which also form a separator wall. The cooling tubes 
of the reactor walls which form the first portion of the 
duct are secured to the cooling tubes of the separator 
which form the second portion of the duct without the 
30 use of expansion joints or seals. 

The above brief description as well as further ob- 
jects, features, and advantages of the present inven- 
tion will be more fully appreciated by reference to the 
following detailed description of presentiy preferred 
35 but nonetheless illustrative embodiments in accor- 
dance with the present invention when taken in con- 
junction with the accompanying drawings wherein: 
FIG. 1 is a schematic view of the fluidized bed 
combustton system of the present invention; 
40 FIG. 2 is an enlarged cross-sectional view taken 
along the line 2-2 of FIG. 1; 
FIG. 3 is a perspective/schematic view of the sys- 
tem of FIG. 1 showing only the cooling tubes 
forming portions of the reactor, separator, and 
45* duct, with the reactor and the separator being de- 
puted uncoupled for ease and clarity of presen- 
tation; and 

FIG. 4 is an enlarged, partial cross-sectional view 
of a portton of the duct of FIG. 2. 

50 Referring to FIGS. 1 and 2 of the drawings, the 
reference numeral 10 refers in general to a fluidized 
bed combustion system which includes a reactor or 
enclosure 12 and a separator 14. The reactor 12 has 
firont and rear walls 1 8 and 1 8, respectively, side walls 

55 20 and 22, a roof 24, and a floor 26. An air distributor 
plate 28 is suitably supported at a lower portion of the 
reactor 12 and divkles the reactor into a plenum 
chamber 30 and a furnace section 32. 
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Solids, such as fuel and sorbent particles, are in- 
troduced into the furnace section 32 via an inlet 34. 
An additional inlet 36 introduces a pressurized oxy- 
gen-containing gas, such as air, from a suitat)le 
source (not shown), such as a forced-draft blower or 5 
the like, into the plenum 30 and through the distribu- 
tor plate 28 to fluidize the solids in the furnace section 
32 and support combustion of the fuel. Although not 
shown, conventional techniques are provided for 
combusting the fluidized fuel particles in the furnace io 
section 32, and solids and oxygen*containing gas 
may be supplied in any conventional manner at imore 
than one locatbn and at more than one level. 

The separator 14 is a cyclone separator having 
an outer cylinder 38, an inner cylinder or vortex tube is 
40 (FIG. 2), a hopper section 42 and a roof 44. The 
outer and inner cylinders 38 and 40, respectively, and 
the roof 44 form an annular chamber 46 for receiving 
and separating solids and gases, as described beiow. 
The hopper 42 may be connected to external equip- 20 
ment in any conventional manner or to the furnace 12 
for recycling separated solids to the furnace section 
32. Additionally, although reference is made to one 
separator 14, it Is understood that one or more addi- 
tional separators (not shown) may be connected to 25 
the reactor 12, and separators other than cyclone 
separators may also be used. The number, size, and 
type of separators used are determined by, among 
other things, the capacity of the combustion system 
and economical considerations. 30 

The walls of the reactor 12 and separator 14 are 
formed by cooling tubes 48 (FIG. 2) which extend 
vertically in a spaced, parallel relationship, and, as 
best shown in FIG. 4, a continuous fin 50 extends be- 
tween corresponding portions of adjacent tubes 48 35 
for their entire lengths to form gas tight walls. The fins 
50 are secured between corresponding tubes 48 in 
any conventional fashion such as by welding. 

A plurality of headers, a portion of which are 
shown by the reference numeral 52 in FIG. 1 , are re- 40 
spectively disposed at the ends of the various walls 
described above. Although not shown in the draw- 
ings, conventional fluid flow circuitry is provided for 
circulating a cooling fluid, such as water or steam or 
a water and steam mbcture, through the cooling tubes 45 
48 which form the various walls. The fluid flow circui- 
try may take any conventional form and may, for ex- 
ample, utilize a steam drum and a plurality of down- 
comers and pipes along with connecting feeders, ri- 
sers, headers, etc. (not shown) to estat>lish a fluid so 
flow circuit 

A duct 54 connects the upper portions of the re- 
actor 12 and separator 14, and as best shown in FIG. 
2, a portion 54Aof the duct 54 extends within the fur- 
nace section 32, and an additional portion 54B of the 55 
duct 54 extends outskle the furnace section 32. The 
duct 54 is formed by inner and outer side walls 56 and 
58, respectively (FIGS. 2 and 4). and lower and upper 
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wails 60 and 62, respectively (FIG. 3). The duct por- 
tions 54A and 54B both have inlets and outlets, and 
the side wails 56 and 58 are arranged to form a partial 
wedge as shown in FIGS. 2 and 4 such that the Inlet 
of the duct portion 54A has a greater width than the 
outiet of the duct portion 54A, and the inlet of the duct 
portion 54B has a greater width than the outlet of the 
duct portion 54B. (It is understood that the outiet 
width of the duct portbn 54B is measured along a line 
extending perpendicular to the outer side wall 58 and 
intersecting the inner side wall 56 at its outiet end.) 

The inlet of the duct portion 54A is in fluid flow 
communication with the furnace section 32, and the 
outiet of the duct portion 54B is in fluid flow commu- 
nicatk>n with the annular chamber 46 of the separator 
14. The outiet of the duct portion 54A is connected by 
any conventional means, such as by welding, directiy 
to the inlet of the duct portion 54B along an area A 
shown in FIGS. 2 and 4. Therefore, the duct portions 
54A and 54B form a unitary gas tight structure for di- 
recting solids and gases from the furnace sectbn 32 
to the annular chamber 46 of the separator 14. As 
shown in FIG. 3, the lower wall 60 of the duct portion 
54A and the duct portion 54B preferably forms an 
acute angle with the outer side wall 58 of the duct por- 
tions 54A and 54B which angle is preferably approxi- 
mately 30°. 

The walls of the duct 54 are also formed by cool- 
ing tubes 48 which are connected by continuous fins 
50. As shown in FIGS. 2-4, the duct portion 54A ex- 
tends within the furnace section 32 and is formed by 
a portk)n of the coding tubes 48 which also form the 
side wall 20 of the reactor 12. As best shown in FIG. 
3, at an upper, rear portion of the reactor side wall 20, 
every other cooling tube 48 of the side wall 20 is bent 
first inwardly from the plane of the side wall 20 to form 
the lower wall 60 of the duct 54 and then upwardly to 
form the inner side wall 56 of the duct A portion of the 
tubes 48 of the side wall 20 that are not bent in the 
foregoing manner remain vertical and form the outer 
side wall 58 of the duct The upper wall 62 of the duct 
portbn 54A whbh extends within the furnace section 
32 is preferably formed by a portion of the reactor roof 
24 but may also be formed in other ways such as by 
bending a portbn of the cooling tubes forming the in- 
ner duct wall 56 back to the plane of thfiLceactor side 
wall 20. as shown in FIG. 3. 

As shown in FIGS. 2-4, the duct portion 54B is 
formed from the cooling tubes 48 of the separator 14. 
This is achieved by bending a portbn of the tubes 48 
forming the outer cylinder 38 of the separator from 
the plane of the cylinder wall. 

The inner surfaces of the duct 54 are lined with 
refractory 64 (FIG. 4) to prevent premature erosbn of 
the duct surfaces. Additionally, the inner side wall 56 
and lower wall 60 of the duct portion 54A, which ex- 
tend within the furnace section 32, both have refrac- 
tory 64 along both inner and outer surfaces. 



3 



5 EP 0 559 3 

# 

In operation, fuels are combusted in the furnace 
section 32, and f luidizing air Is provided to the furnace 
section 32 to support combustion of the fiiel and to 
fluidize the material In the furnace section. The mix- 
ture of fluidizing air and entrained gaseous products 5 
of combustion (referred to generally as "flue gases") 
passes upwardly through the furnace section 32 by 
natural convection, entraining solids, such as fuel and 
sorbent particles and solid products of combustion, 
and at least a portion of these pass through the duct f o 
54, and into the annular chamber 46 of the separator 
14. 

By extending the duct 54 within the furnace sec- 
tion 32. the flue gases and entrained solids are forced 
to make a turn into the duct inlet. As the flue gases 15 
and entrained solids make this turn into the duct 54, 
the heavier entrained solids begin to separate from 
the flue gases and begin moving toward the outer 
skJe wall 58 of the duct. The duct 54 therefore acts as 
an extension of the separator 14 and accordingly in- 20 
creases the separator efficiency. 

The wedge shape of the duct 54 provides for 
streamlining of the fluid flow, and the relatively nar- 
row duct outlet tends to give better separator efficien- 
cies and also serves to protect the inner cylinder 40 2S 
of the separator 14 from premature eroston due to the 
high solids throughput of the fluidized bed. Addition- 
ally, the angled lower wall 60 of the duct 54 provides 
for further streamlining of fluid flow and also acts to 
move the solids in the flue gases toward the outer 30 
side wall 58 of the duct, thereby increasing the sep- 
arator efficiency. 

Several other advantages result from the forego- 
ing arrangement For example, heat losses are re- 
duced to minimize the requirement for Internal refrac- 35 
tory Insulation. Also, the need for expensive, high 
temperature, refractory-lined ductwork is minimized. 
Additionally, the fluidized bed combustor can be put 
into use relatively quickly without any significant 
warm-up period. Further still, the efficiency of the 40 
separator 14 is increased which reduces the thermal 
stresses in the system so that the separator can be 
connected directly to the furnace 1 2 without the need 
for costly expansion joints or seals. 

It is understood that several variations may be 45 
made in the foregoing without departing firom the 
scope of the present invention. For example, al- 
though preferred, the duct 54 need not be formed by 
cooling tubes 48. Additionally, the lower wall 60 and 
inner side wall 56 of the portion 54Aof the duct 54 ex- so 
tending within the furnace section 32 need not be 
formed by bending cooling tubes 48 from the plane of 
the furnace side wall 20. Also, the upper wall 62 of the 
portion of the duct 54A extending within the furnace 
section 32 need not be formed by a portion of the re- 55 
actor roof 24 but may also be formed in other ways 
such as by bending a portion of the cooling tubes 
forming the inner duct wall 56 back to the plane of the 
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reactor side wall 20. Further, although preferred, the 
duct 54 need not be wedge-shaped, and the bottom 
wall 60 of the duct need not extend at an acute angle 
from the outer side wall 58 of the duct Further stfll, 
although generally unnecessary, expansion joints 
may be used In connecting the reactor 12 and sepa- 
rator 14. 



Claims 

1. A fluidized bed combustion system comprising: 

(a) a reactor having a furnace section; 

(b) means for introducing fuel particles into 
said furnace section; 

(c) means for combusting said fuel particles to 
form gaseous and solid products of combus- 
tion; 

(d) means for fluidizing said furnace section 
with a fluidizing gas so that said fluidizing gas 
combines with said gaseous products of com- 
bustion to form flue gases which entrain por- 
tions of said fuel particles and said solid prod- 
ucts of combustion; 

(e) a separator for receiving and separating 
said flue gases and said entrained material; 
and 

(f) a duct connecting said reactor to said sep- 
arator for passing said flue gases and said en- 
trained material from said furnace section to 
said separator, at least a portion of said duct 
extending within said furnace section. 

2. The system of Claim 1 wherein said duct has an 
inlet for receiving said flue gases and entrained 
material from said furnace section and an outlet 
for passing said flue gases and entrained mate- 
rial to said separator, and wherein said duct is 
wedge shaped so that said Inlet has a greater 
width than said outlet 

3. The system of Claim 2 wherein said duct has an 
outer side wall and a bottom wall, and sakJ bottom 
wall extends upwardly from said outer side wall at 
an acute angle. 

4. The system of any preceding claim wherein said 
reactor has a side wall and a roof formed by cool- 
ing tubes, said duct portion having an inner and 
an outer side wall and a top and a bottom wall, 
said bottom wall being formed by bending a por- 
tion of said cooling tubes of said reactor side wall 
from the plane of said reactor side wall and into 
said furnace section, and sakJ inner skJe wall of 
said duct portfon being formed by bending a por- 
tion of said cooling tubes which form said bottom 
wall of said first duct portion upwardly to said roof 
of said reactor. 
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The system of Claim 4 wherein said duct has an 
additional duct portion extending outside of said 
furnace section and between said reactor and 
said separator, said additional duct portion being 
formed by cooling tubes. 5 

The system of Claim 4 wherein said separator has 

an outer wall formed by cooling tubes, and said 
duct has an additional duct portion that extends 
outside of said furnace section and between said io 
reactor and said separator, said additional duct 
portion being formed by portions of said cooling 
tubes which form said outer wall of said separa- 
tor. 

15 

A duct for connecting a reactor having a furnace 
section to a separator, comprising: 

(a) a first duct portion having an inlet and an 
outlet, at least a portion of said first duct por- 
tion extending within said furnace section of 20 
said reactor, said reactor having a side wall 

and a roof formed by cooling tubes, said first 
duct portion having a bottom wall formed by 
a portion of said cooling tubes which form said 
reactor side wall, said portion of said cooling 25 
tubes which form said reactor side wall being 
bent from the plane of said reactor side wall 
and into said furnace section to form said bot- 
tom wall, and said first duct portion having an 
inner side wall formed by a portion of said 30 
cooling tubes which form said bottom wall of 
said first duct portion, said portion of said 
cooling tubes which form said bottom wall of 
said first duct portion being bent upwardly 
within said furnace section to said reactor roof 35 
to form said inner side wail; and 

(b) a second duct portion having an inlet and 
an outlet said inlet of said second duct portion 
being secured to said outlet of said first duct 
portion and said outlet of said second duct 40 
portion being secured to said separator, 
thereby placing said furnace section in fluid 
flow communication with said separator. 



section to a separator, at least a portion of walls 
forming said reactor and said separator being 
formed by a plurality of cooling tubes, said duct 
comprising: 

(a) a first duct portion formed at least in part 
by a portion of said cooling tubes forming said 
reactor, said first duct portion having an inlet 
end and an outlet end and at least a portion of 
said first duct portion extending within said 
furnace section; 

(b) a second duct portion formed at least In 
part by a portion of said cooling tubes forming 
said separator, said second duct portion hav- 
ing an inlet end and an outlet end; and 

(c) means connecting said inlet end of said 
second cut portion to said outlet end of said 
first duct portion to place said furnace section 
in fluid flow communication with said separa- 
tor. 



8. The duct of Claim 7 wherein said first duct portion 45 
has a top wall formed by a portion of said cooling 
tubes which form said reactor roof, and wherein 
said first duct portion has an outer side wall 
formed by a portion of said cooling tubes which 
form said reactor side wall and which extend in 50 
the plane of said reactor side wait. 



9. The duct of Claim 7 wherein said outlet of said 
first duct portion is secured to said inlet of said 
second duct portion withoutthe use of expansion 55 
joints or seals. 

10. A duct for connecting a reactor having a furnace 
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Publication Title: 

Fluidized bed combustion system utilizing improved connection between the 
reactor and separator 

Abstract: 

A fluidized bed combustion system in which a duct connects a reactor and a 
separator and extends within the furnace section of the reactor. The duct Is 
wedge shaped, having an inlet width greater than its outlet width, and the bottom 
wall of the duct angles upwardly from the outer side wall of the duct. A portion of 
the duct extending within the furnace section is formed by cooling tubes which 
also form a portion of a side wall of the reactor, and a portion of the duct 
extending outside the furnace section Is formed by cooling tubes which also form 
a portion of an outer wall of the separator. The portion of the duct extending 
within the furnace section is secured to 
25e 

the portion of the duct extending outside the furnace section to connect the 
reactor and separator without the use of expansion joints or seals. 
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@ Fluidized bed combustion system utilizing improved connection between the reactor and separator. 

@ A fluidized bed connbustion system (10) in which a duct (54) connects a reactor (12) and a separator 
(14) and extends within the furnace section (32) of the reactor. The duct is wedge shaped, having an inlet 
width greater than its outlet width, and the bottom wall (60) of the duct angles upwardly from the outer 
side wall (58) of the duct. A portion (54A) of the duct extending within the fumace section is formed by 
cooling tubes (48) which also form a portion of a side wall (20) of the reactor, and a portion (548) of the 
duct extending outside the fumace section is formed by cooling tubes which also form a portion of an 
outer wall of tfie separator. The portion of the duct extending within the fumace section Is secured to the 
portion of the duct extending outside the furnace section to connect the reactor and separator without 
the use of expansion joints or seals. 
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